up to 10 days; however, most mucus samples were used within 7
Introduction

Quantitative mucus penetration test
A quantitative test to measure the efficiency of sperm penetraThe modified set-up for the QMPT is presented diagrammatically in tion into cervical mucus (quantitative mucus penetration test, Figure 1 . Cervical mucus (25 µl) was aspirated into a capillary using or QMPT) was introduced by Katz et al. (1980) . However, positive displacement. We have used Socorex 5-25 µl plungers and because it was a time-consuming procedure, required quite corresponding capillaries (Socorex, Renens, Switzerland, Cat. No. complex calculations to determine the percentage successful 341). The end of the capillary with the protruding plunger rod was collisions (PSC), and some doubts had been raised about the then inserted through a hole drilled axially through a rubber bung.
validity of the PSC results obtained, it has never become
The position of the bung was adjusted so that it would hold the entrenched as a routine test for infertility investigations. The mucus-containing end of the capillary~5 mm below the surface of the semen. The bung simultaneously sealed the test tube and held the aim of this study was to develop a simplified version of capillary in position during the 60 min incubation at 37°C. the QMPT incorporating a comparatively simple index of After incubation the capillary was carefully removed from the penetration efficiency, the motile density ratio (MDR).
semen. The mucus end was mixed for~1 min in 2 mg/ml bromelain (Calbiochem, La Jolla, CA, USA) in Tyrode solution (Commonwealth Serum Laboratories, Melbourne, Australia) to remove loosely adherent
Materials and methods
spermatozoa, and then the mucus was expelled into 100 µl of Cervical mucus bromelain (i.e. 1:4 dilution). The mixture was incubated at 37°C for 30 min to dissolve the mucus. A sperm count (Cm) was then Human peri-ovulatory cervical mucus was collected using collection catheters (Rocket, London, UK) or Tuberculin syringes (Terumo performed by haemocytometer, after freeze-thawing the sample on dry ice to immobilize the spermatozoa. It was important to thaw the Medical Corp., Elkton, USA). If necessary, it was stored at 4°C for addition, semen from 20/21 men scored 'good' penetration by the Kremer test. The donor with 'poor' penetration had a reduced sperm count and increased abnormal forms. All of the men tested negative for sperm-bound antibodies of IgG and IgA classes by the direct immunobead test. The concentration of spermatozoa in cervical mucus (Cm) after the QMPT incubation ranged from 3.2 to 89ϫ10 6 /ml (median ϭ 29ϫ10 6 /ml). The count of 3.2 was recorded for the donor with 'poor' penetration in the Kremer test. The two donors with cervical mucus counts of 6.6 and 7.0 both gave 'good' penetration in the Kremer test. A normal range cut-off (ജ5ϫ10 6 /ml) for Cm was calculated as 2SD below the mean Cm for the 16 men with normal semen analyses (after square-root transformation to normalize the distribution). The PSC ranged from 13 to 94% (median ϭ 50%), while the MDR ranged from 17 to 125% (median ϭ 55%). As would be expected, the PSE gave much lower values, ranging from 2 to 16% (median ϭ 7%).
Correlation analysis (Table I) revealed that the QMPT result (Cm) was correlated most strongly with the concentration of progressive [average path velocity (VAP) Ͼ 30 µm/s, performed using Cm as the dependent variable, versus all other variables in Table I . This analysis derived a model sample slowly in air at ambient temperature to avoid exploded (Table II) incorporating firstly the concentration of progressive sperm heads.
spermatozoa (PROGCNT) and secondly the VAP, which
Calculations explained 70% of the variance in Cm:
The percentage of successful collisions (PSC) with the semen-mucus √Cm ϭ 0.61 √PROGCNT ϩ 0.12 VAP -3.2 interface was calculated using the formula derived by Ojakian and Katz (1973) and Katz et al. (1980) . For comparison, we calculated Cm was significantly, but weakly, correlated with PSC, MDR two other indices: (i) MDR (motile density ratio): the ratio of and PSE. However, none of these indices correlated with any the sperm concentration (ϫ10 6 /ml) in the cervical mucus to the of the semen variables in Table I . Stepwise multiple regression concentration of motile spermatozoa in semen, expressed as a percentanalysis for these three indices arrived at similar models for age; (ii) PSE (percentage successful entries): the absolute number of each, incorporating the progressive sperm count (positive spermatozoa in the mucus column after incubation as a percentage coefficients) and the sperm count (negative coefficients), which of the absolute number of motile spermatozoa in the semen before incubation.
explained only 27-31% of the variance in the respective dependent variables.
Statistical analysis
Semen from six of the 21 prospective donors had been used Data analysis was performed using Statgraphics 6.0 (Statistical clinically to achieve 22 pregnancies from a total of 146 donor Graphics Corporation, Rockville, MD 20852, USA). Data distribution insemination treatment cycles by the time of this analysis.
was assessed from skewness and kurtosis coefficients. Variables Examination of the treatment records revealed that two of the which were not normally distributed were subjected to square-root donors had not produced any pregnancies. Both donors had transformation. The relationship between variables was analysed been accepted on the basis of normal semen quality and postusing Pearson product-moment correlation matrices and stepwise thaw sperm motility but had PSC scores of only 13 and 18% linear multiple regression procedures.
(MDR of 17 and 23%) compared with a range of 31-55% (MDR 43-71%) for the other four donors. Thus, the MDR Results scores also differentiated between the successful and unsucThe simplified QMPT was applied to the semen of 21 prospectcessful donors. ive donors to our donor insemination programme. In a preliminary experiment replicate QMPTs were performed using four Discussion aliquots of the same semen and cervical mucus samples on the same day. This gave a coefficient of variation (CV) of
The aim of this study was to develop a simplified QMPT procedure which could be used for routine testing of patients 21% for the concentration of spermatozoa in the cervical mucus.
The results of semen analyses and QMPTs for the 21 undergoing infertility investigations in our clinic. The procedure which was developed during this study fulfils this requireprospective donors are presented in Table I . The mean age of the men at the time of testing was 33 Ϯ 7 years. By our ment in that it requires minimal hands-on technician time (Ͻ20 min), and the normal range (ജ5ϫ10 6 spermatozoa/ml criteria, 16/21 men had normal semen analyses and two others had borderline results which would be accepted as normal. In in the mucus) and CV (21%) have been estimated. a Normalized by square-root transformation prior to analysis. *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001, ****P Ͻ 0.0001. PSC ϭ percentage successful collisions; Cm ϭ sperm concentration in cervical mucus; MDR ϭ motile density ratio; PSE ϭ percentage successful entries.
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( Cm) or PSCϫVSL ( MDR) was used as the dependent (Aitken et al., 1985) . Similarly, in a study of 100 patients by Mortimer et al. (1986) , PSC gave very weak correlations with
semen variables, but a modified PSC ( Cm) gave a strong correlation with the concentration of progressive spermatozoa Stepwise multiple regression analysis indicated that the (58.6% of variance accounted for). Likewise, in the present success of sperm penetration into cervical mucus was primarily study the variance in PSC was not substantially explained by dependent on the concentration of progressive spermatozoa in semen variables, but 70% of the variance in Cm was accounted the semen. This variable alone accounted for 63% of the for by a model incorporating the concentration of progressive variance in the sperm concentration in cervical mucus. When spermatozoa and the VAP. VAP was included in the model it accounted for 70% of the The motivation for trying to develop a suitable procedure variance in Cm. In contrast to the strong correlation between for measuring penetration efficiency comes from previous Cm and semen quality, there were no significant linear correlastudies suggesting a relationship between mucus penetration tions between PSC, PSE or MDR indices and semen quality and fertilizing ability (De Geyter et al., 1988 ; Barratt et although multiple regression did derive models which al., 1989; Berberoglugil et al., 1993) . Clarification of this explained 27-31% of the variance in the dependent variables. relationship using refined methodology for quantitative mucus However, the strong correlation (Spearman's rank correlation, penetration may provide further insights into the nature of the r ϭ 0.943, P Ͻ 0.001) between MDR and PSC suggests that fertilization event. the MDR could potentially serve as a simplified index of
In conclusion, this study indicates that the simplified QMPT mucus penetration efficiency. This option would also suit procedure incorporating the sperm concentration in cervical laboratories which are not equipped to determine sperm mucus and the MDR as an index of sperm penetration velocity.
efficiency, should provide a useful adjunct to qualitative mucus The results of the present study are generally consistent penetration testing during infertility investigations and for with previous observations. Thus, Katz et al. (1980) found no sperm donor selection. correlation between semen quality and PSC after testing semen from 16 normal fertile men against normal cervical mucus
